Role of sodium-calcium exchanger (Ncx1) in embryonic heart development: a transgenic rescue?
Na(+)/Ca(2+) exchanger (Ncx-1) is highly expressed in cardiomyocytes, is thought to be required to maintain a low intracellular Ca(2+) concentration, and may play a role in excitation-contraction coupling. Significantly, targeted deletion of Ncx-1 results in Ncx1-null embryos that do not have a spontaneously beating heart and die in utero. Ultrastructural analysis revealed gross anomalies in the Ncx1-null contractile apparatus, but physiologic analysis showed normal field-stimulated Ca(2+) transients, suggesting that Ncx-1 function may not be critical for Ca(2+) extrusion from the cytosol as previously thought. Using caffeine to empty the intracellular Ca(2+) stores, we show that the sarcoplasmic reticulum is not fully functional within the 9.5-dpc mouse heart, indicating that the sarcoplasmic reticulum is unlikely to account for the unexpected maintenance of intracellular Ca(2+) homeostasis. Using the Ncx1-lacZ reporter, our data indicate restricted expression patterns of Ncx1 and that Ncx1 is highly expressed within the conduction system, suggesting Ncx1 may be required for spontaneous pacemaking activity. To test this hypothesis, we used transgenic mice overexpressing one of the two known adult Ncx1 isoforms under the control of the cardiac-specific a-myosin heavy chain promoter to restore Ncx1 expression within the Ncx1-null hearts. Results indicate that the transgenic re-expression of one Ncx1 isoform was unable to rescue the lethal null mutant phenotype. Furthermore, our in situ results indicate that both known adult Ncx1 isoforms are coexpressed within the embryonic heart, suggesting that effective transgenic rescue may require the presence of both isoforms within the developing heart.